The corrosion resistance of a NiTi alloy, chemically modified with a human plasma fibronectin (pFN) using an aminosilane and a glutaraldehyde, was examined by electrochemical techniques in a 0.9% NaCl solution and a cell culture medium containing serum. The role of serum proteins in influencing the passive behavior of the alloy was extensively studied by anodic polarization and X-ray photoelectron spectroscopy (XPS). The passive current density increased in the presence of serum proteins.
INTRODUCTION
In recent years, clinically used metallic dental implants have almost exclusively been pure titanium or titanium-based alloys as these possess excellent corrosion resistance and adequate mechanical properties1).
In an earlier paper2), we demonstrated that a specific biological property can be introduced on a titanium-based alloy surface by chemical modification of the surface with a biofunctional protein.
It has long been recognized that the corrosion resistance of metallic implants is an essential characteristic that must be controlled in an attempt to minimize an adverse biological response in vivo1). Since corrosion reactions proceed at the metal/solution interface, it is expected that chemical modification of an alloy surface would affect this corrosion behavior.
Particularly for passive alloys like titanium-based alloys, insufficient surface treatment may increase susceptibility to localized corrosion3).
Therefore, the influence of chemical modifications of the surface on the corrosion behavior of titanium-based alloys should be further examined in vitro.
In the present study, the surface of a NiTi alloy was chemically modified with a human plasma fibronectin (pFN), and the corrosion resistance was estimated using electrochemical techniques and atomic absorption analysis. In addition to a conventional inorganic physiological solution, a cell culture medium containing 18% fetal bovine serum was employed to examine corrosion behavior in an environment similar to in vivo conditions.
The influence of serum proteins on the passive behavior of the NiTi alloy was extensively studied by anodic In this process, fast adsorption of the proteins and/or amino acids is followed by the slow release of metal ion-protein complexes formed at the surface of the film. The fast adsorption of serum proteins on the alloy surface was confirmed by XPS analysis (Fig. 6) . It is well known that most amino acids and proteins can form complexes with metal ions14). Amino acid residues, especially the surface-exposed imidazole and thiol groups of proteins, would be most likely to cause strong interactions with metals in the passive film15).
If the adsorbed amino acids and proteins do not form complexes with the metals in the passive film, these adsorbed molecules can act as inhihitors and prevent the release of metal ions into the solution. It would therefore seem that the formation of metal ion-protein complexes played an important role in promoting the overall dissolution of the passive film on the NiTi alloy. Further analyses of metal ion-protein complexes and the total amount of nickel released into the cell culture medium are necessary to fully understand the corrosion behavior of the NiTi alloy in the presence of serum proteins.
Unlike some amino acids and proteins in the cell culture medium, the immobilized pFN had little effect in promoting film dissolution. This is evident from the reduced corrosion rate in 0.9% NaCl solution with the immobilization of pFN (Figs. 2, 3 ). As mentioned above, the corrosion rate of the NiTi alloy in the cell culture medium was reduced by the chemical modification of the surface. This is a result of the limited diffusion of amino acids, serum proteins and dissolved oxygen caused by the polysiloxane layer. Since the site of adsorption on the passive film for the pFN-immobilized alloy is also limited, especially for proteins with a high molecular weight, due to the cross-linked siloxane network, amino acids and proteins with relatively low molecular weights would likely take part in the dissolution reaction of the film.
CONCLUSIONS
The corrosion rate of the NiTi alloy was reduced by approximately 50% both in 0.9% NaCkl solution and cell culture medium by chemical modification of the surface with pFN using an aminosilane and a glutaraldehyde as coupling agents. The serum proteins quickly adsorbed on the alloy surface and facilitated the film dissolution by a subsequent formation of metal ion-protein complexes.
The chemical modification employed in this study offers biological activity to the surface and simultaneously improves corrosion resistance, suggesting that this surface modification technique can be applied in the development of bioactive metallic implants.
